Before the War it was customary in large hospitals for the surgeon to hand over amputations to the house officer. The injuries of this War have compelled us to study amputation operations and their results, and we have now acquired knowledge which should make the senior more responsible for any demerits in the junior's manual work' than has hitherto been the case. If the senior does not do the operation himself, at least he must overlook all the details of his junior's work both at and after the operation. Fresh knowledge in these particulars is indispensable both to the surgeon abroad and the surgeon at home, particularly the latter, who has more time and resource at his command.
The occurrence of painful nerves in amputation stumps was not unknown before the War. Instances of painful scars and nerve endings (bulbs) were known but they were uncommon. Mr. E. Muirhead Little tells me that during the last year undisturbed by war factors, 1913, the Royal Surgical Aid Society had no such cases amongst 529 applicants for artificial limbs. Nor was this knowledge of the troubles of amputation stumps at all diffused among our profession. In 1915 the work of Roehampton House was begun by Colonel Openshaw, who tells me that out of the first ninety-three cases sent there as ready for the fitting of artificial limbs, thirty-eight were rejected by him as being unready. Since this date things have been steadily improving. Whereas at the beginning of the War Colonel Openshaw had to reject about 40 per cent., Mr. E. Muirhead Little has now only to reject numbers varying monthly from 3 to 12 per cent. This very marked improvement has been mainly in evidence in the nmost obvious disqualifications for the fitting of an artificial limb, such as unhealed sinuses. So much good work has been done at the Casualty Clearing Stations, particularly in the way of the treatment of abdominal wounds and wounds of joints, that we as surgeons are very proud of the good work done there, and feel it incumbent on us, as Mr. Murray, of Manchester, has so well said, " tp try to make other fields of surgery as praiseworthy." Let us at Roehampton try to do for amputation cases what other surgeons have done in wounds of the abdomen and joints. With us the main problem is that certain patients, with wounds healed, are unsuitable for the fitting of an artificial limb because the stumps are painful and cannot bear pressure. Moreover, some who have been fitted and have worn artificial limbs come back to us, as they can no longer wear them, because of the pain caused in the stump. It is up to us as surgeons to inquire into these cases, and to see if it is not possible to improve upon that old field of surgery, amputations.
The object of the Queen Mary's Auxiliary Hospital at Roehampton was the fitting of artificial limbs to amputation stumps. It was soon seen that surgeons' ideas differed as to what was necessary or desirable in such a stump, and a work has grown up in which stumps which had been sent to Roehampton as suitable and found to be unsuitable were refashioned and made so that limbs could be fitted' to them. This work cannot satisfactorily be entrusted to outside surgeons because of the differences of opinion between the surgeon and the limb-adviser. Thus, at the Roehampton Hospital we have side by side the great " dry-bones " work of artificial limb making and fitting, and the living labour of preparing stumps for the work of the fitter. This second work, arising from an attempt to do the first, has even now to exist on the charity of others. Nothing is provided for its being carried out.
The end of a nerve in healing has to go through three stages, any of which may be minimized, but none can be totally abolished. These stages are: First, the stage of repair and inflammation; secondly, the stage of compression; thirdly and finally, the stage of regeneration. The diminution of the first lessens the power of the second, and makes the third slower and less prolific. To reduce the first it is necessary to' close the end of every structure left open by the cutting and sawing' of the amputation; infection must be no more; the wound can then be closed and drainage no longer used, the discharge of serum being no longer poured out from open ends of divided structures. In this, amputation surgery comes into line with that of the complete suture of other wounds. The subject of amputation surgery is complicated by an additional difficulty of threefold character-the compression, inflammation, and regene'ration of nerve endings. Professor Marinesco has made some beautiful slides demonstrating the presence of active inflammation in the nerve ending, and showing how active inflammation is kept alive by the irritation caused by the cellular ingestion of vegetable and unabsorbable ligatures. These four preparations show something similar-a focus of inflammation in a nerve bulb and a flattened focus higher up in the nerve trunk, indicating more general inflammation of the bulb. They will serve to remind you of the active trouble that there is in some nerve endings, the " burning fiery furnace" through which the unprotected regeneration fibres have to grow, and the continuous production of fibrous tissue which will contract and compress the young nerve shoots. The specinmen which showed the large cluster of inflammatory cells 'was removed from a man whose forearm was 10' Corner: The 'Sutrgery of Painful Amputation Stumps shattered. Two years after the receipt of the wound, and in quiet leis'urely circumstances, the limb was amputated. This operation necessitated three further operations for painful nerves! The surgery of amnputations at home offers scope for improvement! It is curious that these changes should go on in the nerve ending, and that the products of irritation from ligatures should be carried to the nerve lymphatics. The condition reminds us of tetanus, in which the poisons are conveyed by the neural lymphatics to the nervous system. The amputation stump patients often have pain in spasms and of a cramplike nature, this increasing the resemnblance. Compression was rega-rded as the main cause of pain before the advent of the great era of infection. It-.acts in hundreds of ways and is mainly brought about by the contraction of the fibrous tissue on to the expanding growing tissue of the cut'nerve end. The contracting cap of fibrous tissue, over the nerve end is derived from the endoneurium, perineurium and epineurium, coats of the nerve. Through the meshes in them the unprotected regenerated fibres have to pass. This is the main place at which the strangulation of the nerves takes place. If any of the nerve sheaths can be'uninjured in the division of the nerve, so much less the strangulation of the new nerve fibres to be formed by regeneration. This is shown by the different shapes of the nerve endings if the epineurium is preserved or not. If no epineurium is retained the nerve ending is truly bulbous. If the epineurium is retained the nerve ending becomes pencil shaped. Between these two extremes there are any number of variations in the shape of nerve endings, *such as those obtained by my "swinging-door method" of dividing nerves. A method, adopted on a considerable scale and studied extensively, was designed to divide the nerve fibres and retain the nerve coats as much as possible. In the first place the nerve was divided by a tenotome plunged in its side. But this way proved to be most erroneous, a number of fibres were undivided, especially those in the peripheral parts of the nerve and unless the nerve was large the 12 Corner: The Surgery of Painful Amputation Stunps operation was difficult. The methods of attaining this end consisted in crushing the nerve, preferably with an appendix clamp with smooth surfaces; serrations cut the coats of the nerve, usually after an injection into the trunk and proximal to its crushing. By means of the clamp it was possible to pull on the nerve, thereby possibly inflicting injury on the nerve cell in the spinal cord responsible for the early regeneration of the fibres. Fortunately perhaps for the patient, the force of the pull appeared to be lost amongst the cords of the plexus and there was never any evidence of its having reached the spinal cord. But the method was discarde'd, as study of the microscope sections showed that many forms of clamp divided much of the connective tissue coats and were uncertain in the division of the nerve fibres. The best and surest results were obtained with the appendix clamp that Messrs. Allen and A. LC.
B.

FIG. 3.
Swing-door method of nerve-end closure. In B the nerve is pulled down and divided obliquely by two cuts, one from each side. In C it has retracted and closed.
Hanbury made for me in 1903. Clinically the physiological division of the nerves was unsatisfactory and the method was dropped, but was revived when the nerves were divided below the crushed part. I do not think that it matters exactly how the nerve is divided below the crush, which is the actual division and which preserves the epineural sheath, and a certain and varying amount of the endo-and peri-neural sheaths. The distal division should be made with a sharp instrument and by two snips so as to cut " swing doors." Immediately around the nerve ending is a zone of inflammatory tissue, such as would be produced by the escape of the fluid of an intraneural injection into the connective tissue, which will contract on the nerve bulb and in time may strangulate a young regenerating nerve fibre. But the tissue farther from the nerve-wound scar tissue, having ceased to contract, becomes a mere scaffolding along which the nerve fibres grow, like a stick or string for training a scarlet runner. Thus are the new fibres directed into the skin scar, the old track or a new track. They grow. and progress along the lines of least resistance and naturally progress most quickly where they have an abundant blood and lymph supply as in the inner side of the arm.
We have now considered two stages and factors in nerve healingnamely, inflammation and compression-the new and the old factors in clinical pain-there remains for discussion the stage of regeneration. In order to produce a painless stump the stage of inflammation and the contraction of the scar tissue should be over before the nerve fibres push their way out of the nerve bulb and through the meshes of the tissue of the " internal " scar. Normally, more or less of this takes place, but in these war cases regeneration begins very early after nerve injury and its processes proceed rapidly, this perhaps being due to the increased vascularity brought about by the inflammation and the irritation of the sepsis. Thus the nerve fibres begin to regenerate, in a few days according to Italian authorities, and they branch and branch again; one original fibre becoming represented by many fibres, each of which is a potential source of trouble-it may encounter an inflammatory nodule or become compressed. Thus possibilities of future trouble are manifold; the early regeneration enables the young fibres to become long enough to be strangulated before the scar tissue has ceased to contract, and the greater number of branches of new fibres make the occurrence of trouble still more probable.
After the growing fibres of nerve regeneration have escaped from the nerve bulb and the zones of certain and possible compression, they follow the direction of the scaffolding of connective tissue and make their appearances in strange places, completely foreign to the course of a nerve. For instance in one example regeneration had taken place from the sciatic nerve and reached the popliteal artery, where part of the advancing regeneration fibres followed the artery through the adductor magnus and appeared on the front of the thigh, forming a tender lump. In other cases the progress of the regeneration fibres is like the course of a river, and where an obstruction is met the flow pools up until the obstruction is overcome. Thus regeneration neuromata are formed and mark .the site as a regeneration " pool." No less than three neuromata were present, attached to the long saphenous nerve in the case of Thomas and the small sciatic nerve in the case of Anstey. So far as I know at present these regeneration neuromata seldom possess foci of inflammation, but they may be sources of pain, not of spontaneous pain but they cause pain when pressed upon.
In inflammation and compression, two forms of the causation of pain are in evidence. The inflammation does not remain in the nerve bulb and only extended peripherally, but it also progresses up the nerve as an ascending neuritis. How far this extends up the nerve trunk it is far from easy to say. Clinically I do not believe that it extends far; and more practically, not so far as the epineuritis, as is evidenced by the adhesions on the outside of the nerve. It is safe to divide the nerve above the adhesions with every expectation of being above the ascending (endo-) neuritis. When it is impossible to divide the nerve above the epineural adhesions, as happens in some axillary and sciatic cases, only a guarded prognosis can be given.
Clinically there may be distinguished at least five types of pain in amputation stumps, the first of which is universal and the last uncommon.
First.-Early pain, coming on immediately after the amputation, dependent on an endoneuritis set up by the injuries indlicted on the nerves at that operation. When alone present this accession of pain dies away in a few days or weeks.
Secondly.-Compression pain, coming on about two months after the interval and sometimes steadily increasing. For instance, one man had little pain after the operation but after three or four months had elapsed he began to feel pain in his lost limb and the stump grew tender. This7 increased progressively, until about eight months after the amputation he sought relief. His nerves showed no great amount of inflammation but severe strangulation of the inflamed nerve fibres. When and if bearable this pain may pass off as the nerve fibre dies or the scar tissue ceases to contract.
Thirdly.-Inflammatory pain. The early pain never passes off, or it may become paroxysmal and severe, or it may even be still more clearly defined as in a man recently under my care. A little over three years ago his arm had been amputated. He got through the first and second stages in the healing of nerves very well. About eighteen months after the amputation his nerve ends began to enlarge and he experienced increasing pain and tenderness in them. Finally these enlargements induced him to seek relief and he came as a discharged man to St. Thomas's Hospital. The nerve endings showed inflammatory changes in them, and Professbr Marinesco demonstrated the presence of regeneration nerve fibres in a coagulum-i.e., where the inflammation was so intense that an abscess was visibly present.
It is frequent to find a combination of compression of inflamed nerve fibres which cause pain. If the fibres were not inflamed the patient might not be driven to seek relief. As they are inflamed some patients come to the hospital for relief as discharged soldiers. Recently I had no less than four such cases under my care at one time, in each of which the amputation has been done about three years previously.
Clinically these cases may be grouped in a series; pain immediately after the operation is due to the trauma of that operation and the inflammation of the repairing tissues; a little later, after from two to ten months, the pain is due to the compression of the nerve fibres by the contraction of scar tissue; later still, pain is due to active inflammatory changes in the nerve ends.
These three clinical types are distinctive both clinically and pathologically. This is not so in the fourth type; nerve regeneration givesrise to no special clinical symptoms, and consequently the fourth type has no peculiar features.
Thefourth clinical type is produced by the regeneration of nervefibres. It is characterized clinically by more continuous pain and illusions as to the presence of the missing part, for instance the .amputated foot. The pain is acute, and first appears within a few days. of the amputation. At first it is not great, but increases in severity. At the beginning the new axis-cylinder has no myelin sheath to protect it, and it is easily rendered painful. As the inflamination in the wound subsides the pain becomes less, until the fibrous tissue of the internal scar begins to contract and to squeeze the new nerve fibres. Now the pain may be very severe and may last some months. If there are no foci of inflammation, as around unabsorbable ligatures, and if the fibres are not injured, pain disappears, only to be aroused again by injury or inflammation. The pain is eased considerably by heat, and in some cases by X-rays.
The fourth type has clinical features of both the second and the third type.
The fifth type is only recognized clinically by the process of elimination, nerve trunk after nerve -trunk is removed by operation and their consideration eliminated by trustworthy surgery. Still the pain and. tenderness persist, and are not of neurotic origin. The pain may originate from the irritation and inflammation round a silk ligature or other foreign body. Or the skiagram may show that it is due to disease in the bone; terminal rarefaction of the bone is due to the injuries of operation and the healing of the wound, but when the bony changes are farther afield they are partly due to nervous irritationdystrophy. Such cases exhibit the usual signs of bone pain, night pain and pain in wet weather, and are very persistent. They are frequently called neurotic patients, but the fault is not theirs but ours-we have not found out the cause of the patient's pain. We should bear the reproach. The stumps of patients of this type frequently twitch and twitter.
In the Museum at the Royal College of Surgeons of England there are two portions of limbs which had to be re-amputated; these I have had the opportunity of dissecting and examining through the kindness of Professor Arthur Keith. Their examination gives a fair idea of the conditions present in the great majority of painful stumps. First, the scar visible on the outside is far smaller than the scar on the inside, and invisible in the undissected limb. It is to this internal scar to which I would specially direct attention. I should like to speak of this internal scar as wound callus. It forms a layer over the bone end from 4 in. to 1 in. thick. It consists largely of fibrous tissue in which foci of inflammation are present, and in which micro-organisms are imprisoned. Cultures, principally containing staphylococcus, have been made from the scars of all tissues in the stump. The superficial layer of this internal scar is fairly plane, but the deeper surfaces emit prolongations upwards along the lines of least resistance-the planes between structures, and communicate with the general connective tissue of the liilb and its lymphatics. Especially does this internal scar transmit pfocesses along the vessels; a most important consideration in passing surgical judgment on a painful stump. Next to vessels the outer sides of nerves would appear to offer most facilities for the upward spread of the infective inflammation. But this infective inflammation spreads to the muscles, and is recognized in the pale brown muscles, dotted with islands of fibrous tissue. It enters the bones, as is shown by the softening of the bone end and the translucency of the terminal part so often seen in skiagrams. This infective inflammation reaches ligatured vessels, causes venous, arterial and lymphatic thrombosis, phlebitis, lymphangitis and arteritis. If the ligature material is of the unabsorbable kind, like silk, it will not be easily encapsulated by this inflammatory infective internal scar, but it is apt to become a source of irritation. Thus silk ligatures turn up again and again, and are responsible for a large number of sinuses in amputation stumps, the sinuses healing at once when the unabsorbable material is removed. But they may persist and cause pain for a long time. Indeed they are one of the causes of pain apart fronm a nerve, and furnish pathological explanations of those clinical cases which fall into Class 5, th6 patients suffering persistent and recurring pain when all nerve trunks have been removed or in a situation where there are no nerves. Another factor in this pain is bone-pain, due to some osteomyelitis in the bone and the result of an upward extension of the inflammation from the terminal scar, or if nerves are irritated for a long time, atrophic, and perhaps inflammatory changes are found in the bones, as was shown long ago by Dr. Mott. It would appear then that there are many causes for non-nerve-trunk pain in amputation stumps, and these may be classified according to their source of origin: bone pain, muscle pain, ligature pain, and joint pains. This class of case is one of the most interesting to study. In the exploitation and unravelling of these cases one speedily becomes aware of the fact that this infective inflammatory wound callus has the greatest tendency to spread along vessels and easily envelops the nerves which may accompany them, and, further, that this condition is made worse by the presence of unabsorbable ligatures, irritation produced by which maintains the inflammation. In several cases of persistent pain in a stump resulting from amputation of the thigh, it has been found that the internal scar has filled up Hunter's canal by spreading up it around the femoral artery, involving in its inflammation, fibrous scar and contraction, the internal saphenous especially, when not cut short. Such cases have only been relieved by excision of the artery, vein and nerve as high up as scar tissue extends. It is not the habit, and I speak as an eight years' teacher of operative surgery, to cut this nerve short or to identify it. This war has shown the pain and misery that the neglect to treat it surgically has caused. The nerve can be found and identified at the time of the amputation. It is very doubtful if it can be found in the mass of scar tissue later. It is better to excise the femoral artery, vein, ligatures, and all the scar tissue round them than to attempt to find the nerve at this late stage.
This nerve has turned up in another condition, and in which it is not nearly so often the cause of the painful stump. In amputations below the knee the internal saphenous nerve is raised in the flap and folded over the stump. It may then be responsible for persistent pain about the level of the posterior margin of the tibia, and is strongly suggestive of the posterior tibial nerve. But skiagraph the case and it will often be found that there is a bony outgrowth from the back of the tibia, the result of bonv, periosteal and muscular irritation in that region, which is perhaps rendered more severe along the posterior, as compared with the other, margin of the tibia by the presence of an unabsorbable silk ligature on the posterior tibial artery. The removal of this bony outgrowth and perhaps the end of the bones, if translucent, will often cure the case. The internal saphenous nerve is very hard to find in the surgical fields of this region. Sometimes these patients give a very clear account of the distribution of their pain, which suggests a lesion of this nerve.
There is a third condition under which the internal saphenous nerve, and perhaps the obturator nerve, may make its presence felt clinically. Its regenerating fibres may travel with the femoral artery, pierce the adductor magnus muscle and enter the popliteal space, giving rise clinically to "sciatic symptoms." It may mix with the regenerating fibres of the sciatic nerve, and give rise to nervous symptoms ,which it is difficult to interpret. I would suggest that in Hunter's canal and the internal saphenous nerve may be found an explanation for the persistence of symptoms after the excision of the sciatic in a case of painful stump after an amputation of thigh. These patients usually complain of painful sensations referred to the inner side of their foot or sometimes to the foot as a whole. The pain keeps them from sleeping well and 'from wearing an artifical limb. On examination the chief objective sign found is a constant and tender point on the inner side of the stump end. A skiagram usually shows the presence of a bony spur growing from the inner and posterior surface of the femur..
The operation usually performed is as follows. Open the upper end of Hunter's canal, or the lowea end of Scarpa's triangle, so as to be well above all scar tissue. The parts are not in correct anatomical position owing to the contraction of the scar tissue and the external rotation of the thigh. Consequently it is usual to open the inner side of Hunter's canal and identify the adductor longus by the direction of its fibres. The sartorius is then identified and leads to the fibrous root of Hunter's canal. On opening the canal it is unusual to find any trace of either the internal saphenous nerve or the nerve to the vastus internus. This latter nerve, owing to the proximity of its fixed end, is less displaced than the more easily movable internal saphenous nerve. Consequently, the nerve to the vastus internus is found on the outer side of the artery whilst the internal saphenous nerve is not seen until the femoral artery and the femoral vein have been divided between the two ligatures; the nerve is on the outer and posterior side of the artery. It is pulled down and divided, swing-door like, with two snips. The distal segments of the artery, vein, and nerve are then excised. The scar tissue in the lower part of Hunter's canal is often most dense and certainly must strangulate the structures severely. After washing out the wound with hot saline, the end of the stump is punctured at its lower and inner part and a drainage tube drawn up into the wound, which is completely closed. No deep stitches are needed as bandages approximate the deeper structures; only skin stitches are used*. The drainage tube is removed after forty-eight hours.
A specimen removed from Hunter's canal is cordlike. In its upper part it consists of the femoral artery, vein, and the internal saphenous. About its middle the artery and the vein become impervious and the nerve strangulated. This marks a point just above the situation of the ligature. Below this point a part of the adductor muscle becomes adherent to the muscle which at its lower end is attached to a bony outgrowth of the femur.
Consider the position: the thigh is externally rotated and the slip of muscle attached to the femoral artery, vein, and internal saphenous nerve is an adductor. Every forward movement of the stump must pull on these structures and the patient will have a spasm of pain. A truly painful stump indeed! One of the most successful amputations of the whole war is a supramalleolar amputation of the foot, a Syme's amputation. With it the patient can walk as well as he ever did and follow his ordinary avocation.
Unfortunately the Syme stumps are sometimes tender. The stump is ideal to look at. The explanation of the painful stump is almost always the same-the posterior tibial nerve is strangulated by the large internal scar. The anterior tibial nerve has either been retracted or cut short. The posterior tibial nerve is not so easily found and is rarely cut short. Some of these posterior tibial nerves become strangulated; the majority escape. By the contraction of the fibrous tissue they may be tied to the posterior surface of the tibia or pulled under the newly fastened down tendo Achillis.
The swollen and codematous strangulated end of the nerve is easily demonstrated. In fact for the demonstration of nerve strangulation I know of no better stump. The nerve lies in the heel flap which was brought over the end of the amputated limb covering it entirely, a long flap carrying a nerve. The retraction after the division of the nerve trunk is well shown, but I have never found trouble with this nerve as it lay in the flap, but higher, about the level of the external skin scar.
Theoretically these nerves should be divided at the level of the skin incision, but practically, as teachers of operative surgery know well, the nerve is re-divided higher up in the freeing of the heel flap. So it escapes lower down as it lies in the heel flap.
The anterior tibial nerve always escapes as its end retracts and is not exposed to the irritation of the healing wounds; and the incision is so situated that the nerve end is wholly above the amputation. The anterior tibial nerve always escapes and the posterior tibial nerve always gets strangulated.
The region in the leg above a Syme's amputation is again the great source of pain and trouble, the posterior tibial nerve easily becoming adherent to the back of the tibia over the end of which it drapes its regenerating fibres and leads to pain. In this situation the nerve bulb is small, trianguloid and flattened, so that hardly any bulb can be felt, owing to the firm bony adhesions. The musculo-spiral nerve in the arm is in a similar position. It easily becomes adherent to the back of the humerus and when it does so the terminal bulb of the divided nerve is replaced by an expanding, and perhaps thickened triangle, the contents of the nerve trunk draping themselves over the end of the divided bone, the middle two-thirds of the humerus in this case. In consequence the main objective sign is a spot of constant tenderness-a bulb cannot be felt. The sciatic nerve is undoubtedly responsible for the majority of painful nerve troubles after amputation of the thigh. It very easily becomes adherent to the hamstring muscles, particularly the semimembranosus; in consequence it is subjected to pulls with each nlovement of the stump. It forms a well-developed bulb, which is easily felt and demonstrated. Later, the nerve bulb becomes surrounded by a lymphatic space (comparable to the capsule of Tenon round the eye) in which it can minimize the muscular movements of the hamstrings, like a floating compass. A skiagram should always be taken, and if it reveals the presence of any bony growths from the posterior and inner side of the femur, Hunter's canal should be explored.
A very large percentage of patients, a far larger proportion than in any other type of amputation, arm or leg, who have undergone an amputation of the arm suffer from painful and easily palpable nerve bulbs on the inner side of the arm. It is not very apparent why this should be so. The nerves affected are principally three-the median crossing the artery, the ulnar between the artery and the basilic vein, and the internal cutaneous internal to the vein. These, with the musculo-cutaneous and the lesser internal cutaneous, may be caught with the vessels in the clutches of one single big scar stretching from the end of the amputation stump. The musculo-spiral nerve is so far away that it usually escapes being so caught. Consequently for their removal the nerves must be sought for, identified, and removed. Otherwise absurd mistakes will follow; thus I have had to remove many median and musculo-spiral nerves left by careless or inexperienced operators.
But why is there such a high percentage of painful nerve bulbs in the amputation stumps of the upper a'rm ? The nerves and muscles here are included in one big cicatrix whose lower end is at the .~~~~~~~~~~~~~~~-~~f 0 %;
. .
FIG. 4.
E. Wounded, January, 1915. Amputation, day later. Painful stump. Section of ulnar nerve, showing spread out inflammatory nodule in the connective tissue between the nerve bundles. A neuritis which has ascended the nerve. amputation, forming a neuro-vascular bundle. This formation is only found here, not elsewhere. It is peculiar to this part, principally I believe for two reasons: first, on the inner side of the upper arm there is a huge lymphatic and blood course, enabling the rapid and extensive formation, and subsequently contraction, of scar; secondly, in this situation the. nerve endings are only covered by a thin sensitive skin. Bony formations here are unusual, whilst they are plentiful and a distinctive feature on the posterior and inner part of the thigh. Bony formations are more indicative of local irritation and nerve lesions than of hypervascularity.
Almost all the amputations through the arm have been done by means of the circular method. In view of the formation of so large a scar involving so many nerves, it is better to convert the circular amputation into a racquet incision, and, through the incision representing the handle of the racquet lying over the vessels and on the inner side of the arm, the nerve -can be removed. A great length of nerve can be removed, as the nerves which become painful and bulbous have no branches of importance in the arm. The median nerve, the ulnar nerve and the internal cutaneous nerve can be removed up to the axilla: and the musculo-spiral nerve can be removed as far as its junction with the circumflex nerve. I have seen this modification of the amputation of the upper arm which had been performed by a German surgeon on a British soldier imprisoned in Germany. The amputation was very septic but by his modification the German surgeon had made the operation successful.
Forearm stumps, bearing very little pressure, are very unusually painful. In the neighbourhood of the wrist the median and ulnar nerves would seem to be seldom nipped or inflamed but they regenerate into infective fibrous tissue and into adherent tendons, the regeneration here as elsewhere being a new formation, and invading structures like malignant disease. The pull of the tendons or the inflammation and cicatrization of the scar tissue sometimes makes their excision necessary.
The mass of tissue might be compared to a fruit and the nerve to the stalk. Sometimes these are very troublesome cases.
With regard to treatment:-(1) Tender nerve bulbs should be excised together with a long piece of nerve so as to get above any perineuritis or ascending neuritis there.
(2) The best method of removing a nerve is by means of the epineural sleeve advocated by Major Chapple of the Pavilion Hospital, Brighton, and described in the British Medical Joutrnal, August 25, 1917, p. 242 . A circular incision is made about 1 in. distal to where the nerve is to be amputated, a cuff of epineural tissue is turned back by means of gauze (doubtless some peripheral nerve fibres are also carried in the cuff), the nerve trunk is divided close to the cuff, which is then drawn forward and its end ligated with catgut. Regeneration is not prevented but the nerve appears later as a pencil, not as a bulb. The difference in shape is due to a less formation of scar tissue, and the advantage is that there is less chance of nerve strangulation by the scar tissue. The "' swinging-door method " is short and easy, leads to a greater formation of fibrous tissue, but practically gives good results. As much nerve as leads to the origin of the next important branch should be removed. This piece of nerve is often long, as the nerve branch'comes off above where it leaves the parent trunk. Thus nerves differ from arteries, whose branches come off the parent trunk close to their distribution.
(3) Drainage should always be employed. A good sized tube is used. Its non-use leads to haemorrhage.
(4) All ligatures and buried sutures should be of absorbable material to minimize sources'of irritation.
(5) Injections of alcohol, quinine and urea, &c., should not be used as about three or four-fifths of an injection flows out of the nerve into the surrounding connective tissue,'causing later a large formation of scar tissue round the nerve and its subsequent strangulation.
(6) Fixation abscesses are easily produced by tucking gauze or part of a swab into a recess of the wound and leaving it there. They seem to attract a certain amount of the infection to the abscess, which, when the gauze is removed, allows that sepsis to drain away. Perhaps these fixation abscesses are more frequently made unintentionally than intentionally, and are at times most beneficial. The gauze mlay be left there as long as three or four weeks. They certainly seem to relieve the pain in some cases-infective cases for instance-and are a good counter-irritant.
Another method for relieving pain is the use of an old-fashioned seton of gauze 'put through the skin of the stump a little above the amputation.
The recommnendations that I would make to those surgeons doing the amputations are:
(1) Let technique be as surgically clean as possible. Much harm results from " lighting a fire " in a wound.
(2) Use only absorbable sutures.
(3) Cut all nerves as short as possible, using the " swing-door method" to close their mouths.
(4) Cut all vessels short, as they form the greatest channel for the spread of infection. By cutting them short " the door is closed."
(5) Drain temporarily all amputation wounds, using a large tube and at least one.
(6) Start the Carrel-Dakin treatment at the time of operation in dirty cases. f21 Corner: The Surgery of Painful Amputation Stumps. (7) In clean cases close the deep wound with a few catgut stitches. What are the results of attempts to make poor nerve stumps good ?
The results are not good. They must be improved; for, unless this can be done, re-amputation gives only a slender hope of improvement. The patients frequently complain of pain, and chiefly for three reasons. First, they have fought, been wounded, awaited removal, endured their journey through the dressing stations to the casualty clearing station, have been shorn of a limb, listened to the conversations of friends, fellow-sufferers, nurses, visitors and other frequenters of hospitals, have been compelled to give up their old life and view the prospects of a dismal future, and so on ad infinitum. There is hardly a type of patient who shows more plainly the influence of the psychical factor on recovery. The nearer to the trunk the amputation the greater seems to be the psychical depression. I well remember how three men in contiguous beds in the King George Hospital infected each other's mind by their conversations. All three had pains. Not one was improved. Later they were separated, two were operated on again, and all got well. A military ward is bad for these patients. One boy, whose stump began to shake about three weeks after operation in a military ward was cured by a second operation in a civilian ward in which he was next to a cheerful man. Tales of pains and poor prospects render these men unwilling to hurry to get well.
Secondly, these men have often undergone unsuitable operations, leaving them with a generally painful and tender stump. They may have a nerve trunk removed again and again. Some men whom Mr. Muirhead Little has sent me have had twenty and more operations, whilst the real cause of the pain is a ligature which acts like an internal seton, or a bone pain. In point of fact, the surgeons at Roehampton asked for a hospital because others would do one operation when the poor patient only wanted another.
Thirdly, time must be allowed to elapse for stumps to heal and become painless. The stump nmeanwhile must be used and moved, its muscles made into useful structures, its blood and lymphatic circulations stimulated by heat, massage and movements, and improved by means of electricity and by the early use of a cheap form of artificial leg.
